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ABSTRACT 

During a detailed search for optical counterparts of known Galactic supernova rem- 
nants (SNRs) using the Anglo Australian Observatory/United Kingdom Schmidt Tele- 
scope (AAO /UKST) Ha survey of the southern Galactic plane we have found charac- 
teristic optical Ha filaments and associated emission in the area of SNR G213.0-0.6. 
Although this remnant was previously detected in the radio as a non-thermal source, 
we also confirm emission at 4850 MHz in the Parkes-MIT-NRAO (PMN) survey and 
at 1400 MHz in the NRAO/VLA Sky Survey (NVSS). There is an excellent match 
in morphological structure between the optical (Ha) and radio emission. We subse- 
quently obtained optical spectroscopy of selected Ha filaments using the South African 
Astronomical Observatory 1.9-m telescope which confirmed shock excitation typical 
of supernova remnants. Our discovery of Ha emission and the positional match with 
several radio frequency maps led us to reassign G213.0-0.6 as G213.3-0.4 as these co- 
ordinates more accurately reflect the actual centre of the SNR shell and hence the 
most probable place of the original supernova explosion. Support for this new SNR 
ID comes from the fact that the X-ray source IRXS J065049. 7-003220 is situated in 
the centre of this new remnant and could be connected with the supernova explosion. 

Key v^ovAs: (ISM:) ISMrSNR, ISM: individual G213.0-0.6 



1 INTRODUCTION 

Following our detection and discovery of ~20 new Galac- 
tic supernova remnants (SNRs) based first on their opti- 
cal emission line signatures (e.g. [Stupar, Parker &: Filipovic| 
( 2007a|b||2008| ) we have also been undertaking a systematic 



search for optical counterparts to known SNRs (e.g. Stupar 
|fc Parker|[25TT| . The discovery medium is the AAO/UKST 
Ha survey of the southern Galactic plane (SHS hereafter: 
Parker et al. 2005 1 whose high sensitivity and fine resolu- 



tion has been instrumental in the uncovering of low sur- 
face brightness Ha emission associated with both known and 
newly identified SNRs. These are often seen in the form of 
narrow filamentary structures which is a usual characteris- 
tic of SNRs seen in the optical. This is one of a series of 
papers concerning known SNRs where we report the discov- 
ery of associated optical SNR signatures. We then obtain 
spectroscopic follow-up where the observed emission line ra- 
tios reveal a shock excitation mechanism confirming their 
likely association with known remnants. 

The first radio investigations in the area around 
G213.0-0.6 were reported in |Bonsignori-Facondi fc Tomasi| 



( 1979[ ) w here at 408 MHz ( bandwidth 2 MHz 
fexlOO' 



Fanti et al. 



resolution 

(19741, using the Bologna single 32- 



m dish radio telescope, they made pointed observations to- 
wards G211. 7-1.1, in the area of Hll region S28£] Using 
their data and additional data for extended objects from the 
Bologna Catalogue (Felli et al.|1977| ), [Bo nsignori-Fa condi fc| 



Tomasi 



( 1979 1 realised that S284 is also surrounded by non- 



thermal radio emission. They then decomposed this Hll re- 
gion (which has an almost flat spectral index) from the non- 
thermal component and derived a spectral index a = —0.5 
for this section. This is typical of a SNR. They also con- 
cluded (perhaps erroneously) that there is a physical associ- 
ation between the thermal and non-thermal emission com- 
ponents. 

In reality however, G213.0-0.6 is situated somewhat east 
of S284 (where most of the faint emission is found) with an 
extension of approximately 160' x 140'. This can best be 



^ Actually, the first radio classification of S284 as an Hn region 
comes from |Felli ITC fiurcfiwcll (19721 using the NRAO 300-foot 
telescope with resolution of lO'at 1400 MHz. 
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Figure 1. The left image is a liigh contrast liigh resolution 2.5° Ha mosaic in the area of G213. 0-0.6 created from the SHS ( [Parker et| 
|al.|2005l l. Apart from the 'burnt-out' intense emission from the compact Hll region S284 this high sensitivity Ha map reveals a fractured 
though coherent shell like structure to the SE of S284 with evidence of a "blowout" to the north. The position of the previous centre of 
the SNR (from [Reich, Zhang fc Fiirst|2003^ is indicated with an X and is clearly seen to be off-centre from the optical shell. Towards 
the central area of the shell is found the X-ray source IRXS J065049. 7-003220 and IR source IRAS 06482-0028 as well as the double-star 
system HIP 32851 (according to SIMBAD). Red horizontal bars mark the relative positions of the spectrograph slits for the follow-up 
optical spectroscopy. Their accurate locations with respect to individual optical filaments are shown in Fig. [s] H ll region S284 is shown 
much brighter on this image due to the fact that we wanted to enhance the visibility of optical filaments (Fig. [2[ gives better definition of 
S284). The right image shows the PMN 4850 MHz radio contours of the same region with flux levels between 0.01 and 0.12 Jy beam~^. 
Comparison of these images shows an excellent optical/radio match. In addition, the first of two blowout on the north also has its 
counterpart at 4850 MHz, where radio flux contours flrmly follow the optical signal. Based on these optical and radio images it is clear 
that this SNR should be reassigned as G213.3-0.4 which better corresponds to the centre of both the optical and radio shell structures. 



seen in the 863 MHz (using the 100-m Effelsberg radio tele- 



scope with resolution of some 14'.5) maps of Reich, Zhang 



& Fiirst ( 2003 1 . These maps also show that a small part of 



this emission appears to go around the S284 Hll region, in 



agreement with 


Bonsignori-Facondi & Tomasi ( 1979 1. Reich, 


|Zhang & Fiirst 


(|2003|) also mentioned that this object was 



also previously seen in the Effelsberg Galactic surveys at 21 
and 11 cm, but there are difficulties with estimating radio 
spectral indices from this survey. Using their observations 
and convolved with 2.695 GHz data from the Efelsberg's 
survey they estimated a spectral index a = —0.4 ± 0.15 (ap- 
plying the TT-plot technique). This is in general agreement 
with the findings of Bonsignori-Facondi & Tomasi (19791, 



again confirming the likely SNR nature of this more ex- 
tended emission. They also found extended infrared emis- 
sion north and south of S284 in the IRAS 60 and 100 /im 
maps of the region and partially overlapping G213.0-0.6. 

On the basis of their observations, [Reich, Zhang fc Fiir"st| 



(20031 suggested that it is an old supernova remnant, par- 
tially shell-like in structure and extremely low in radio sur- 
face brightness. They suggest that if G213.0-0.6 is directly 
interacting with the S284 Hll region (note an interaction of 
the thermal and non-thermal emission components is also 



tance to this object could be 2.4 kpc and therefore have a 
size of 110x98 pc. This would classify this SNR among the 
largest in the Galaxy. 

The objective of this work is to present the existing 
radio observations of G213.0-0.6 from both the 4850 MHz 
~5 arcmin resolution Parkes-MIT-NR AO (PMN^Q survey 
(see [Condon, Griffith fc Wrlght|p93l ) and the 1400 MHz 
of 45 arcseconds data from the NRAO/VLA Sky Survey 
(NVSS), see Condon et al. ( 1998 1. This is done in the context 
of the new Ha detection of the SNR from the SHS { Parker 
et al.|2005 l so that their inter-relationship is clear. The op- 
tical morphological structure of G213.0-0.6 is shown to be 
very similar to the extant radio morphology seen with both 
PMN and NVSS. Note G213.0-0.6 is also detected in the 
low-resolution but high sensitivity Southern Ha Sky Survey 



Atlas (SHASSA hereafter) of Gaustad et al. (2001 1 also in a 



supported by Bonsignori-Facondi & Tomasi 1979 1 the dis 



coherent shell form (see Fig. 4). We also present our follow- 
up spectral observations of selected Ha filaments. The resul- 
tant emission line spectra and diagnostic emission line ratios 



2 The Parkes-MIT-NRAO (PMN) radio survey was done with 
three different radio telescopes: the Parkes 64-m dish and the 
Green Bank 43 and 91-m dishes. 
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confirm the presence of sfiock-ionisation wfiicti is typical for 
SNRs. 



2 OBSERVATIONS 

2.1 Optical and radio morphology 

During systematic searches for optical counterparts to 
known (mostly from radio observations) Galactic SNRs in 
the SHS (e.g. see|Stupar Parker fc Filipovic| (|2007a| or|Stu- 
par, Parker fc Filipovic| ( |2007b| ); [Stupar fc Parker] ( |2009| )) 
we noticed a large shell-like structure of optical filaments 
and emission clouds some 2° x 3° in size on the south-east 
side of Hii region S284. We associated these with the known 
SNR G213.0-0.6. The SHS Ha image of G213.0-0.6 is shown 
in Fig. [T] where the overall impression is that of an almost 
complete optical shell consisting of a series of fractured but 
coherent emission filaments apparently centred on the X- 
ray source IRXS J065049. 7-003220 and IRAS source 06482- 
0028 (from SIMBAD). Furthermore, the brightest Hq emis- 
sion occurs in this central area as well as on the north-west 
side where the shell is apparently closer to S284. Fig. [T] also 
shows a remarkable extension to the north of the main op- 
tical shell in the form of a set of parallel "blow-outs" about 
30 arcminutes apart with the second, almost one degree from 
the northern boundary of the shell. These blow-outs are 
not common but have sometimes been seen in optical SNRs 
when the emission is mostly fragmented (unless in the case 
of a young remnant) inside the radio borders in the form 
of optical filaments and emission clouds. Typical examples 
are G189.1-H3.0 (or IC 443; see|Fesen|1984[ ) and G243.9-h9.6 
( [Stupar, Parker fc Filipovic|2007b[ ). Occasionally, blow-outs 
can also be seen in the radio morphologies at different fre- 



quencies (an example is G301. 4-1.0 in Whiteoak fc Green 
|1996[ ). Several faint emission clouds are also present on the 
south-west side of S284 although any connection of this emis- 
sion with G213.0-0.6 or S284 is dubious. After discovery of 
this optical shell in the SHS we examined the equivalent 
area in the low resolution but high sensitivity SHASSA at- 



las of |Gaustad et al.| ( |2001[ ). The SHASSA survey resolution 
is only 48 arcsecond/pixel but this has the effect of blending 
some of the fine Ha filaments together making the Ha shell 
like appearance of this SNR even more striking. Indeed at 
the lowest Ha contours the emission forms almost a com- 
plete optical shell apart from at the location of the blow-out 
to the north. This can be clearly seen in Fig. |4] and indicates 
that the optical counterpart to this SNR could easily have 
been discovered in SHASSA. 

We also show a deep, high resolution Ha image of the 
S284 Hii region (see Fig.[2| where the internal dust lanes and 
turbulent nature of the emission is shown clearly for the first 
time and is shown to be completely typical of Hll regions. 
The previous radio observations of the SNR also overlapped 
this object (most probably due to low angular resolution at 
the given radio frequencies) and with other diffuse nebular 
emission to the north (especially in the radio observations of 
|Bonsignori-Facondi fc Tomasi||1979[ where the north-south 
coverage was 110 arcminutes). The high quality SHS Ha im- 
age reveals that S284 actually consists of an approximately 
circular bright component some 30-arcmin across centred at 
J2000 RA= Oe*" 45™ 08.7^ 5= 4-00° 14' 04" . There is also a 



«iV.-'.-- 




HiaM Asoension (J2B00) 

Figure 2. High resolution, lower contrast image of the S284 Hll 
region from the SHS. It is clear that the diffuse emission north 
from the bright central section and the bright central region itself 
has a typical Hll region morphology in terms of internal dust- 
lanes and turbulent structures and that this is highly unlikely to 
form part of an SNR. 



fainter, extensive, but coherent emission component extend- 
ing on 3 sides of the main Hll region approximately 7 ar- 
cminutes to the south, about 10 arcminutes to the west and 
about 30 arcminutes to the north-west. The older Palomar 
Observatory Sky Survey (POSS-I) broad-band red image of 
this area shows the central bright part with much less de- 
tail. The surrounding more diffuse component is barely de- 
tected as a few isolated patches above the noise and with 
an overall diameter of some 60 arcminutes. The more recent 
UKST R-band survey of the region reveals more detail but 
it is the SHS data that finally reveals the clear Hll region 
nature of the main component and associated outer region 
around it. It is also clear from Fig.[2]that the S284 complex 
is morphologically and spatially distinct from the extended 
filamentary emission that we associate with the SNR. Hence 
this emission cannot be accepted as a part of the SNR as 
has been suggested in the previous radio observations. The 
question of any possible interaction between the SNR and 
Hii region remains. 

Note that our visual searches of the SHS uncovered 



Table 1. South African Astronomical Observatory 1.9-m tele- 
scope log for spectral observations of G213.0-0.6 in Decem- 
ber 2008. For all observations a low dispersion grating of 300 
lines mm~^ was used so as to cover all the main optical emission 
lines from 4500-6800A apart from [O III] 3727A. 
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Figure 3. The area around G213.0-0.6 (G213.3-0.4) from the 
higher resolution 1400 MHz NVSS radio survey overlaid with 
contours from the lower resolution 4850 MHz PMN data used 
to mark the position of the very low flux detection of this rem- 
nant at 1400 MHz. In the NVSS the southern and central area 
of G213.0-0.6 is clearly seen to have an excellent match to both 
the 4850 MHz PMN data and the Ha optical emission but with a 
more incomplete match to the northern blow-out. The brightest 
point like sources at 1400 MHz have flux around 0.3 Jy beam~^ 
while the brightest filaments bounded with 4850 MHz contours 
have very low flux of some 0.002 Jy beam~^. 
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Figure 4. The G213.0-0.6 area as registered by SHASSA. The 
SHASSA resolution is low (48 arcsecond/pixel) but we can clearly 
see a complete optical shell at the lowest sensitivities which is 
clearly separated from the intense S284 Hll region over 1° to the 
north-west. The same structure evident in the SHS image shown 
in Fig. ^ can be clearly seen, including the parallel emission bars 
of the northern blow-out 30 arcminutes apart. Two arrows show 
the locations of these possible blow-outs which can be compared 
with previous radio images. The main SNR optical counterpart 
could also have been easily discovered in this survey. The SHASSA 
contours are from 150 to 300 decirayleighs (dR) where 1 dR = 
0.1 R. 



this candidate SNR which we then attempted to match 
against known remnants. Our search was conducted in this 
fashion so as to be an unbiased trawl for SNR candidates 
from the SHS based purely on their optical emission sig- 
natures rather than directly searching the SHS for matches 
with known remnants. During subsequent searching of the 
PMN 4850 MHz radio survey data for a radio counterpart to 
this optical candidate we discovered that at this frequency 
the observed radio flux actually completely followed the Ha 
emission. Note that this is not always the case with evolved 
and old remnants but is common in young SNRs. There was 
also an excellent match with the optically seen blow-outs 
to the north (see right panel in Fig. [T]). Furthermore, from 
the PMN radio image, it is clear that S284 and G213.0-0.6 
are clearly separate objects though a possible interaction 
between them is not completely ruled out (see later discus- 
sion). We note that G213.0-0.6 is in the form of a typical 
shell remnant with a clearly defined arc to the south-east 
and another one on the north-west which partially deviate 
from spherical curvature. The interior region, where the SN 
explosion occurred, contains a rich chain of arcuate filaments 
that can be seen in the optical Hq imagery with a slight dif- 
ference compared with the radio data. This is partially due 
to the median resolution of the PMN survey (~5 arcmin) 
though exact positional correspondence between individual 
optical and radio filaments is not expected (e.g. see Cram, 
Green & Bock, 1998). Note that the radio image does not re- 
veal any point-like sources at this frequency at the proposed 



new centre of the remnant nor at, or around, the previous 
G213.3-0.4 position. However, X-ray and infrared sources do 
exist close to the remnants new centre position as previously 
mentioned. Taking into account the large size of this rem- 
nant (~2° plus the northern blow-outs) and the fragmented 
nature of the clouds and filaments in the higher resolution 
optical and associated radio data, we form the overall con- 
clusion that this is an old remnant well on the way to dis- 
solving into and mixing with the ISM. 

This statement can be confirmed with observations of 
this object at 1400 MHz (see Fig. [sjl from the NVSS radio 
survey where the apparent size and shape are almost iden- 
tical to both the Ha and PMN radio data at 4850 MHz. 
This match can be seen in Fig. [3] where very low radio emis- 
sion (compared with PMN) is detected at this frequency. 
The NVSS signal appears strongest across the central and 
southern parts of the SNR and partially over the northern 
blow-out. 

2.2 Follow-up spectral observations 

In December 2008 we undertook a series of 5 widely sepa- 
rated optical spectral observations across an area of ~2° of 
G213.0-0.6 using a CCD spectrograph attached to the 1.9- 
m Radcliffe telescope of South African Astronomical Ob- 
servatory (SAAO), see Table 1. The slit width was set at 
~1.5 arcseconds and observations were fiux calibrated using 



G213.3-0.4 - a new Galactic SNR 5 



Table 2. Ratio of the observed line intensitiest taking Ho=100 from all the observed optical spectra listed in Table 1, including the 
ratio of the [Nil] and [Sll] lines against Ha and the ratio of [Sll] 6717/673lA lines which can provide an estimate of electron density 
when not in the high or low density limits. 
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photometric standard stars LTT1020 and LTT2415. To fa- 
cilitate spectral classification and to evaluate the presence 
of possible shock signatures which is particularly important 
for categorization of SNRs, we used a low dispersion grating 
of 300 lines mm"'^ which covers a range between 3500 and 
6900A. 

Unfortunately, most observations were taken on non- 
photometric nights so the flux calibration is indicative only 
and Balmer decrement extinctions were not estimated due 
to concerns of reliability (see Table 2). Moreover, in the 
blue the CCD on the 1.9-m SAAO spectrograph has low re- 
sponse and when combined with the non-photometric nights, 
pushed us to avoid the bluest lOOOA of the spectrum be- 
tween 3500 to 45OOA due to the low S/N. It is possible that 
some lines in the blue were lost as a result of the poor blue 
performance and/or extinction. Fortunately, the red part of 
the spectrum is well covered and is where the key diagnostic 
lines used to help classify objects as SNRs are located (e.g. 
Fesen, Blair fc Kirshner||1985 1. Furthermore, the line ratios 
used are based on closely separated lines which means that 
poor flux calibration is not a serious issue. The slit positions 
were carefully chosen to sample the brightest filaments seen 
in Fig. |5] but they are still faint and when coupled with 
the poor weather and modest blue response led to generally 
noisy spectra (see Fig. 6) but still of sufficient quality to 
allow essential classification. 



2.3 Infrared observations 

The area around G213.0-0.6 was reported in the infrared for 
the first time by Arendt |l989p in the survey of Galactic 
supernova remnants using IRAS data. |Arendt| ( |1989[ ) also 
noted S284 as the infrared source G211. 7-1.1 and properly 
concluded that it is an Hll region. However, it is not clear 
if these observations also included G213.0-0.6. |Saken, Fe-| 
sen & Shull ( 1992 1 continued the search for IRAS super- 



nova remnants, detecting the source G211. 7-1.1 (or Hll re- 
gion S284) and classifying it (wrongly) as an SNR. The wide 
area around G213.0-0.6 where the SNR is actually situated is 



not mentioned in Saken, Fesen & Shull ( 1992 \ although they 



compared their infrared detection (seen in all IRAS bands) 
with radio observations of this r egion from|Felli fc Church-| 
well] (|1972[). Unfortunately, the |Felli fc Churchwell| (|1972[) 



radio observations were of low spatial resolution (~10 ar- 
cminutes) so it is likely that they could not clearly distin- 
guish between the Hll region and SNR in the area. With 
the better resolution NVSS data (at the same frequency of 



be noticed over the noise (see Fig. [3}, so our statement that 
Felli fc Churchwell ( 1972 \ did not notice the remnant due to 



their low spatial resolution is reasonable as is fact that this 
region contains two distinct sources, SNR G213.0-0.6 and 
Hll region S284. 

To get better definition of the existing infrared data 
around G213.0-0.6 we used the 'Improved Reprocessing of 
the IRAS Survey' data (or IRIs|^at 25,60 &100 /.im (res- 
olution from 30 arcsec to 2 arcmin). A large 8 deg region 
centred on the SNR was examined which revealed no clear 
connection between the clearly related optical and radio 
data and that from the IRIS infrared observations. Fig. [7] 
shows a colour, multi-wavelength montage of a 4 degree re- 
gion around G213.0-0.6. The PMN 4850 MHz data is red, 
the IRAS 60 /^m data is green while the smoothed Ha from 
SHASSA is blue. The SNR is clearly well detected in the 
PMN and SHASSA data while only the Hll region S284 is 
seen clearly in the IRIS 60 /im data. Furthermore, the Hll 
region itself seems clearly separated from G213.0-0.6 calling 
into doubt any direct connection or interaction as suggested 



by Saken, Fesen & Shull (19921. This throws into consider- 



ation doubt making use of the distance to the Hll region to 
infer a physical size for the SNR (see Discussion). 

Examination of the mid-infrared MS!X[^ (Midcourse 
Space Experiment) survey data at 8.3 /im in the area around 
SNR G213.0-0.6 did not show any association of 8.3 
emission with optical or radio emission nor with the other 
three MSX wavelengths. This confirms our expectation that 
non-thermal emission from this remnant could barely be de- 
tected at 8.3 /xm which is consistent with |Cohen fc Green] 
\2mi\ . |Cohen fc Green] (|2001|) also showed that thermal 



emission from Hll regions must be detected by MSX at 
8.3 /^m, as is clearly seen in the right panel of Fig. [7] where 
red contours overlaid on the PMN 4850 MHz image mark 
the emission from S284. Inspection of recently published pre- 
liminary data from the Wide-field Infrared Survey Explorer 
(WISE) space mission | Wright et all.pOlO l also showed no 
clear detection of G213.0-0.6 in any of the four WISE bands. 



3 DISCUSSION 



The low resolution radi o observations of|Bonsignori-Facondi| 
& Tomasil (fT979| and IReich, Zhang fc Fiirstl (120031) were 



the first to identify G213.0-0.6 as a likely SNR. This was 



Felli fc Churchwell ( 1972 1 observations) of G213.0-0.6 can 



see ]http://irsa.ipac. caltech.edu 



see 'http;//irsa.ipac.caltech.edu7Missions/msx.html 
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Figure 5. Extracted 5 arcminute Ha images from the full 
0.67 arcsecond/pixel resolution SHS survey showing precise slit 
positions for all five spectral observations listed in Table 1. Fil- 
aments where selected where the Ho emission appeared most 
prominent. However, due to non-photometric nights and extinc- 
tion, only the strongest spectral lines in the red were evident (see 
also Fig. 6). 




Figure 6. Nominally flux calibrated 1 D spectra between 4500 
and 6900A acquired as listed in Table 1 and from the slit posi- 
tions marked on Fig. [3] Every reference letter on the 1 D spectra 
corresponds to the same letter as given for the corresponding Ha 
image in Fig. [5] Every spectrum exhibits a strong Ha line and 
except for filaments labeled d) and e) have weak, but clearly 
detected H/3 but no obvious [Olll]. All spectra also exhibit the 
[No] forbidden fines at 6548/6583 A and especially the [Sll] lines 
at 6717/6731A which are all strong relative to Ha and completely 
atypical if they originated from a Hll region. Indeed their ratio 
with Ha is never less than 0.5 and reveals a strong shock sig- 
nature typical of supernova remnants. Even in the case of the 
spectrum marked d) (taken on December 19, 2008), these lines 
are still seen even though the spectrum is extremely noisy. In- 
terestingly the top spectrum marked a) exhibits possible weak 
[Fell] lines at 5039/5043A, not common in SNRs but perviously 
noticed in the Cygnus Loop (e.g. |Fesen fc Hurford|1996^ . 
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Rieht Ascension (J3000) Right Ascension (J2000) 



Figure 7. Left: a colour multi-wavelength montage of the IRAS (e.g IRIS) 60 /^m image of G213.0-0.6 (green) with the PMN radio 
data (red) and the smoothed SHASAA optical emission (blue). Only the adjacent S284 Hll region has any significant IRAS signature. 
However, it is clear that in infrared SNR G213.0-0.6 is separated from the thermal S284 Hll region opposite to conclusion of [Saken^ 
|Fesen fc Shull| l |1992| . Right: the area around G213.0-0.6 and S284 in the PMN radio survey with border contours (to show the size) 
overlaid in green with MSX emission at 8.3 lira shown in red. The SNR G213.0-0.6 is not detected at 8.3 /im as expected for SNRs at 
this wavelength (see Discussion). The Hll region S284 is a thermal source and is detected and partially spreading, but not completely 
matching or following the optical/radio emission over the north-west part of G213.0-0.6. 



based on their conclusion that this object has non-thermal 
emission with a spectral index ~ —0.5 which is typical for 
shell remnants. From the newly compiled radio (and new 
optical) images presented here it is clear that no radio emis- 
sion from this remnant extends around S284 though S284 
is itself a strong radio source with a fiat thermal spectrum. 
This observation is in contradiction with the earlier obser- 
vations noted above which suffered from low resolution and 
may explain the difference. The flux estimates should be 
re-evaluated with further radio observations though it is an- 
ticipated that any flux correction will be small and that the 
observed radio spectral index will remain negative and still 
inside the acceptable values found for shell supernova rem- 
nants. 

Table 2 presents the most prominent observed spectral 
line intensities for each slit position in terms of Ha=100, as 
weU as the ratio of [N ll]/Ha, [S ii]/Hq and [S ll] 6717/673lA. 
It is a commonly adopted diagnostic (see [Fesen, Blair fc| 
Kirshner|^1985 ) that an [Sii]/Hq ratio >0.5 can separate 
SNRs from planetary nebula and Hll regions. All SNR spec- 
tra provide ratios well inside this criteria with [Sii]/Hq: be- 
tween 0.5 and ~1. The observed ratios of [N ii]/Hq is a little 
lower compared with many other optical SNR ( |Green|2009 



and references therein) but still acceptable, although this 
is somewhat dependent on the nitrogen abundance in the 
GalaxyQThe large angular size and morphological structure 
likely indicate an old remnant and this is also supported by 
the observed ratio of the sulphur lines 6717/673lA which 
are generally in the low density limit of ~ 1.45 ( [Osterbrock 



fc Ferland|2006 1 . The exception is for the spectrum from slit 
position a) from December 17, 2008 where we can estimate 
Ne~10^ cm^. In young remnants this [Sll] ratio goes well 
bellow 1 due to the higher electron densities present. Con- 
firmation that we have a case of an old supernova remnants 
comes from the fact that in some young remnants with rel- 
atively high velocities (order of Js200 kms~^) Balmer dom- 
inated shock(s) can be noticed (they are "non-radiative") 
without any [S ll] lines, what is certainly not the case here. 



The p oint argued by |Bonsignori-Facondi fc TomasT] 
( |1979[ ) and [Reich, Zhang fc Fiirst| | |2003[ ) that G213.0-0.6 
is most probably interacting with the adjacent, prominent 
Hll region S284 and therefore that the SNR distance can 
likewise be estimated to be 2.4 kpc is not bourns out by this 



study. Reich, Zhang & Fiirst (20031 mentioned that this 



^ Conversely, there are cases where [Nil] is extremely strong in 
some SNRs e.g. seelStupar & Parker|||2009|l. 



association follows from an apparent interaction which can 
be explained if we take into account their 14 arcminute ra- 
dio telescope resolution. From the high resolution SHS Ha 
imaging, comparison with the [Reich, Zhang fc Fiirst] ( [20031 ) 
radio morphology image and our PMN ~5 arcmin resolution 
image from Fig. [l] and our new combined optical and radio 
colour image in Fig. 7 it is clear there is no obvious inter- 
action. However, there is a clear match between the radio 
and optical morphology of the SNR. Although we do not 
know the precise spatial distribution of the radio (or opti- 
cal) filaments, it is clear from the PMN image that on all 
sides (except to the north where the blowout is present) that 
the shell is effectively coherent, including to the north-west 
where S284 is situated. We might also suspect that the radio 
or optical shell would be fractured on the side toward S284 
if any interaction exists (which is not the case) and that the 
low resolution of the previous radio observations would not 
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show the fine detail we have seen from the PMN, NVSS and 
high resolution SHS observations. 

Let us now consider the mid-infrared MSX 8.3 pm emis- 
sion in the vicinity of G213.0-0.6 which is shown in the 
right panel of Fig. [7] The MSX data can reveal emission 
from molecular gas and emission from warm and cool dust 
grains. The 8.3 pm band is one of six MSX bands with a 



resolution of 18.3 arcsec (see details in Price et al. 2001 1 



Besides this thermal emission, the MSX 8.3 ^m band is also 
sensitive to fluorescent emission from polycyclic aromatic 



hydrocarbons (or PAHs). Cohen & Green (2001) compared 
images from MSX and from radio continuum images from 
the 408 MHz from Molonglo Observatory Synthesis Tele- 
scope (MOST) and concluded that classical Hll regions are 
registered in both MSX bands (where PAH fluorescence is 
found peripheral to the ionized gas) and in the radio. How- 
ever, no such association between MSX at 8.3 and the 
radio is seen in the area of non thermal emission such as for 
SNRs. The right panel of Fig. [7] shows an absence 8.3 /im 
emission, confirming again the non thermal nature of this 
remnant. As a caveat we note SNRs can be very complex 
in their structure and emission components where both non 
thermal and thermal emission from (neighbouring) Hll re- 
gions can be mixed. 

We also compared the radio and optical emission from 
G213 with MIR data from the space-based Wide-field In- 
frared Survey Explorer (WISE). WISE bands 1 and 2 (e.g. 
at 3.4 and 4.6 /im) did not show any nebular structure in 
this area that can be obviously correlated with G213.0-0.6. 
In the longer wavelength WISE bands 3 and 4 (e.g. at 12 and 
22 nm) a number of fragmented dust clouds in and over the 
radio/optical boundaries of G213.0-0.6 are seen (see Fig.|8|. 
Despite this there does not appear to be any particular spa- 
tial association of the clouds detected in these WISE bands 
with the observed radio/optical filamentary structure, nei- 
ther could we find any match in their morphological forms. 
Further, keeping in mind that for the majority of SNRs 
any infrared emission originates at the interaction zone of a 
shock with the surrounding ISM, we assume that the 22 /im 
clouds seen in Fig. [8] are connected with the Hll region S284. 
We again conclude that there is no obvious connection of the 
Hll region and the SNR and therefore that they may be at 
different distances. 

As an example typical of many SNRs, we consider SNR 
G332.5-5.6 (see Stupar et al.|2007c l where none of the four 
WISE bands show any trace of a match with the radio data. 
As a counter example we also consider the case of SNR 
Gil. 2-0. 3 where there is an excellent match seen between 
the radio and WISE emissions over the whole circular shell 
of this remnant. These examples simply shows that if in- 
frared dust clouds from Fig. |8] are in the surrounding re- 
gions (e.g. at the same distance) as SNR G213.0-0.6 a strong 
morphological match would exist. Additionally, support for 
non-interaction of these two objects is also clearly seen on 
Fig. [7] where they definitely appear as separate objects. 

In conclusion, all the currently available multi- 
wavelength evidence confirms the presence of an SNR. This 
includes the negative radio spectral index typical for shell 
SNRs and the matching Ha emission and filamentary struc- 
tures which are also typical of optically detected SNRS and 
which closely follow the outlines of the radio shell. The 
follow-up optical spectra also reveals the shock excitation ex- 
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Figure 8. WISE band 4 (22 ^tm) mosaic image of the area 
around G213.0-0.6 and Hll region S284 overlaid with PMN con- 
tours (shown in yellow) . It is clear that there is no match in mor- 
phological form between the radio (and also optical - see Fig. Q 
and WISE band 4 (and 3) images. Most probably the clouds seen 
in the WISE image(s) belong to the S284 Hll region. 



pected of SNRs. Furthermore, the new high resolution opti- 
cal imaging and relatively high resolution radio observations 
from the PMN survey at 4850 MHz and NVSS at 1400 MHz 
all support the inference that the supernova explosion oc- 
curred at a position closer to G213.3-0.4 which corresponds 
to the geometric centre of the main body of the shell seen in 
Ha and of the X-ray source. This could not be accurately es- 
timated from the previous low resolution radio observations 
of Bonsignori-Facondi & Tomasi (1979) and Reich, Zhang &| 



|Fiirst, ( ,2003[ ). We therefore re-designate the SNR G213.0-0.6 
as G213.3-0.4. Finally, the Hll S284 region is shown to have 
no clear connection to the SNR contrary to what has been 
previously implied and so we cannot confidently use any dis- 
tance determination to this Hll region to infer a physical size 
for the remnant. 



4 ACKNOWLEDGEMENTS 

We are thankful to the South African Astronomical Obser- 
vatory Time Allocation Committees for enabling the spec- 
troscopic follow-up to be obtained. We thank to Kyle de 
Pew for assistance during these observations. QAP thanks 
the ANSTO access to major facilities fund for providing sup- 
port for the observing run. 



REFERENCES 
Arendt R.G., 1989, ApJS, 70, 181 

Bonsignori-Facondi S.R., Tomasi P., 1979, A&A, 77, 93 
Cohen M., Green A.J., 2001, MNRAS, 325, 531 
Condon J. J., Griffith M.R., Wright A.L., 1993, AJ, 106, 
1095 



G213.3-0.4 - a new Galactic SNR 9 

Condon J.J., Cotton W.D., Greisen E.W., Yin Q.F., Perley 

R.A., Taylor G.B., Broderick J.J., 1998, AJ, 115, 1693. 
Cram L.E., Green A.J., Bock D.C-J., 1998, PASA, 15, 64 
Fanti C, Felli M., Ficarra A., Salter C.J., Tofani G., Tomasi 

P., 1974, A&AS, 16, 43 
Felli M., Churchwell E., 1972, A&AS, 5, 369 
Felli M., Tofani G., Fanti C, Tomasi P., 1977, A&AS, 27, 

181 

Fesen R.A., 1984, ApJ, 281, 658 

Fesen, R.A., Blair, W.P.,Kirshner, R.P., 1985, ApJ, 292, 29 

Fesen R.A., Hurford A.P., 1996, ApJS, 106, 563 

Gaustad J.E., McCuUough P.R., Rosing W., Buren D. Van, 

2001, PASP, 113, 1326 
Green D.A., 2009, A Catalogue of Galac- 
tic Supernova Remnants, available online at 

Ihttp:/ /www. mrao.cam.ac.uk/surveys/snrs/' 
Osterbrock D. E., Ferland G. J., 2006, Astrophysics of the 

Gaseous Nebulae and Active Galactic Nuclei. University 

Science Book, Sausalito, California, p. 123 
Price S.D., Egan M.P., Carey S.J., Mizuno D.R., Kuchar 

T.A., 2001, AJ, 121, 2819 
Parker Q.A., Phillipps S., Pierce M.J., Hartley M., Hambly 

N.C., Read M.A. et al., 2005, MNRAS, 362, 689 
Reich W., Zhang X., Fiirst E., 2003, A&A, 408, 961 
Saken J.M., Fesen R.A., ShuU J.M., 1992,ApJS, 81, 715 
Stupar M., Parker Q.A., Filipovic M.D., 2007a, AAO 

Newsletter, 112, 12 
Stupar M., Parker Q.A., Filipovic M.D., 2007b, MNRAS, 

374, 1441 

Stupar M., Parker Q.A., Filipovic M.D., Frew D. J., Bojicic 

I., Aschenbach B., 2007c, MNRAS, 381, 377 
Stupar M., Parker Q.A., Filipovic M.D., 2008, MNRAS, 

390, 1037 

Stupar M., Parker Q.A., 2009, MNRAS, 394, 1791 
Stupar M., Parker Q.A., 2011, MNRAS accepted, DOI: 

10. 1111/j. 1365-2966. 2011. 18547.x 
Whiteoak J.B.Z., Green A.J., 1996, A&AS, 118, 329 
Wright, E.L., Eisenhardt, P.R.M., Mainzer, A., et aU., 2010, 

AJ, 140, 1868 



